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Electron Beam Trajectory in a

Photometer Field of View

I. INTZODI)UTION

I-i: h itri-tiof ot the uii jf bolo, til hea2r ont snitnn rockeptt tlt

:)h htamvE' be heon 115edi to measure the ligrht produced bv the inte-raction o hIe

lt(.. t on kis - %v I t tile Lias surtroundiL iche rocket pavload. ,2Si nce the, Path )
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Io tt~he qtr -- is 11 tatol Ir! the lielo-of-view )I the rohtometer ic -tIls si:-, [ar

Otc 1. Ia'-lv '-'ototurents trieA to) minimiize the:-e( ot'fects by makina measure-

I: ms -Iis. n achoai, and with a restrit AC:' i 20* or the phot em (,eCr.

1o Ie at'Isl.5! -mit, tS %I iw rut the vehicle, ant 1 !or wide viewinLg angles, explic'i'
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2. (,In)111I1I O ' I\"I llt Uit \\ 1N

t. , •

ig ur 1 1. G;eonietrv ot 1l:h,'tron (un (;
Sand P'hotom eter 11 MkI ounteI )n a Sec tion

i)f the Hocket l)dv. lie or'gin or the
• × , oordjnate svstein is at G, the

z-(distance tromt the gun to the phlotometeter
is ,1

In the x, v, z toordinate system shown in Figure 1, the gun G is located at the
)rigin. The photometer 1' is mounted at- p p cos jj, P sin ;,3 -d. At any time t,

let a beam clectron be loated at X, v, z. It subtends angles 0 and 0 at the
x );hotnt etc i

t+ = tan z ( 4 --L p ) (1

, tan ( v -zP sin )v .= ta (2)

In the special case = 0, the photometer would be located directly below G
at distance d, (see Figure 2).
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3. ELECTRON TRAJECTORY-B COORDINATE SYSTEM

The luminosity of the beam atmosphere interaction measured in the photonmeter's

field-of-view is sensitive to the magnetic field orientation with respect to the beam

or rocket. Part of the electron trajectory may move in or out of the field-of-view.

In the B system of coordinates as defined in Figure 4, the magnetic tield B

is parallel to the z axis. The vector V is the initial beam velocity. The v axis

is defined as along z X V. Thus, V lies in the z-x plane. The origin of the beam
is at x 0, y 0, z =0. The equation of motion of a beam in the B system is as

i follows:

lB [M R sin vt]
lly0)0 R -R cos ot (4)

where

eB
mc

z B

- I Figure 4. 13-CoordinateV System. Magnetic field B

is defined along z-axis

Y

x
B System
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and

where R is gvroradius, w, is gvrofrequencv, t is time, and VII and V1 are the

velocitv component parallel and perpendicular to the magnetic field respectively.

The energc E of the electron is related to the velocity V by E 1/2 M \, where

ni is the mass of electron.

in the B svstem, the B vector is fixed, the % vector varies but lies in the z-x

plane, and, as the rocket spins, the photometer looK-angle varies with time.

4. ILECTRON TRAJE(T.ORY-R COORDINATE SYSTEM

In order to study the electron trajectorv in the field-of-view of the photometer,

it is more convenient to define an R system of coordinates in which the photometer

look-angle is always fixed and the B vector varies with time. In the R system

(see Figure 5), the z axis is defined as parallel to the rocket axis, y axis is in

radial direction, and x completesi the right-handed system.

z

z B V

I Figure 5. R Coordinate System.
8 The z-axis is parallel to

rocket body axis. This is the
sanie coordinate system used

*Y in Figure 1.

X

R - System

At time t, let the magnetic field vector 1B be in arbitrary direction, defined by

pitch angle 0t) and azimuth angle 0(t) in the It system (see Figure 5).

The equation of motion of a beam electron is obtained in the H system by an

orthogonal trans forrmation from Eq. (4) in the 1B system.
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FIR, KT l B 'i \v .) l:<

,( L\ I { L it (6)

In the s[necial case when the mahnetic field B lies in the plane of the initial

t. ctron beam direction and the rocket axis, the transformation equation becomes

S I t I :t

vt 1co , 0 sin , v(t) (7T

z(sill 0 Cos 0 z (t)

T 1), Cos ,,sin 0

3. l,( lll'S,()Sll'Y

The angular coordinates Ux and 9 of an electron as viewed by the photometer

are given by Eqs. (1) and (2).

t sing the orthogonal transformation equation, Eq. (4), one can write down the

angular coordinates (Figure 2). as viewed by a photometer lying at (0, 0. -d):

' (t) tan - ( X(t) j ) 
-  

j
) 
I
c '
o
s g. z t + d

*~ (tt)

t tan- (vt Q 
)  in
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The electron would lie in the photometer field -of -view if Eq. (3) is satisfied

(see Figure 31. EquivaLently, Let us define a function Fit):

3 It Eq. 0) is ;atisfied, then the function F(t) is positive, (see Figures 6 and 7),

P It) > P)9

Vizre 6. Tv\'ri cal Behav ior

TWE)fI-unction lit . Tlhe beam~
electron is in the photometer

t2field -of -view (iurina the period

ELECT"O
TRAJECTORY

FIELD OF .

VIEW ti I Vigure 7. Llectron lBeamn Trajectory,
in Photometer Field-of- View. The
beam entering field-of-view (dashed

~ circle) Lit t1 and leaves at t9

'.1 2 A Ath a -a,.L; atom, or moleculeC, to create ionization or

4 ~ I' ~ 1A1 I)Measured at the photometer is proportional to the

-; A ( t) I the e Ve(t ron from the photomnete r.
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where N is a proportionalitY constant, V is the velocity of the electron, and Ol(E)

is the cross -section of ionization and excitation. It is assumed that lio significant

energy loss (-I E/E -< 1) takes place along the beamn while in the photometer tield-

M)-v iew. ( x) is a step function:

From Eq. (10), one obtains the geometric factor G as follows:

L L() N NV( E) crE)GI

2 1/2

When the initial velocity vector V of the electron is perpendicular to the magf-

net i field vector B, the beamn form, a ci rcula r path. The condition tis

Eve rv eleoct ron injected into the path would stay in thle path and never Propagate awav

(see Vigure 8). '1I hi is a nionpropagation mode. The luminosity I (E or this mode

s hiiIhe ause s 2 (t) does niot dec rease with time.

MAGNETIC FIELD
8

ELECTRON TRAJECTODRY
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The above condition agrees with the experimental result of Israelson and S
Winckler 3 who detected a substantial increase in photon flux at 90' pitch angle in

the Echo 2 rocket beam experiment.

6. SCEX ROCKET

As an example, for the SCEX rocket experiment the specifications of the

photometer on-board is given in Table 1.

Table 1. SCEN Photometer Specifications U

Photometer rotation angle ,3 0'

Photometer distance from gun (d) 119 cm

Center of field-of-view [ (c), 0 v (c] [O, 20']

Radius of field-of-view ') 15'

The condition of Eq. (11) for nonpropagation modes to exist becomes

sin 0 cos 0 + cos 1) = 0 (12)

where 0 and 0 are rocket pitch and azimuth angles. The solutions of Eq. (12) are

plotted in Figure 9.

In Figure 9, the pitch angle actually runs only from 0' to 1800 because it is a

cone angle. The azimuth angle ) at 1800 is the same as -180' because it is a 0
rotation angle. Solutions exist only for a range of values of pitch angle.

Examples of electron beam trajectories as viewed at the SCE:X photometer are

presented in Figures 10 and 11. Three-dimensional plots of luminosity, for the

case of SCEX, as a function of -) andt 0, are shown in Figures 12 and 13. The loca-

tion of the spikes should fall on a continuous curve given in Eq. (12) (Figure 9) but
computer calculation requires the use of grid points which are discrete. Therefore

the singularities (to not look like a continuous wall, but appear as spikes. The

1900-e% case gives a generally higher (about 2 to 3 times) luminosity than the'

3. Israelson, C;. , and Winckler, l. R. (1975) Measurement of 3914-A iht O
production and electron scattering from electron beams artifiriallv
injected into the ionosphere,.,. Geophvs. Res. 80:No. 25:3709-37 12.

NASA Rocket 27. 045, launched on 27 ,lanuarv 1982, from Churchill, (+a nala.

IA !1
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Appendix A

Blockage of Field-of-View by the Horizon

The blockage of the field-of-view, for a wide angle photometer P, is deter-

mined by the horizon. For the geometry shown in Figure Al, the equation of the

horizon is

y = mx + c

where

mr -tanl3

c p(sec 3 - 1)

9Y

X ,
.

z Figure Al. Blockage of
Photometer Field-of-View
by the Horizon
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